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I. IMTRODUCTIOH 

Thlt voliuu docufflsntf and aunnarlsaa tha cost imalysls task of the Space Tug 
Ikieking Study, It includes a discussion of the cost methodology, summary cost 
data, resulting cost estimates by Work Breakdoim Structure (WBS), technical 
characteristics data, program funding schedules and the WBS used for the costing 
together with a dictionary. 

Cost estimates for two tasks of the study are reported in this volun». The 
first. Task A, developed cost estimates for design, develoisnent, test and eval> 
nation (DOTfiE) and theoretical first unit (TFU) at the cooqionent level (l^vel 7) 
for all items reported in the data base. Task B developed total subsystan 
DDTd£ costs and funding schedules for the three candidate Rendezvous and Docking 
Systems: manual, autonomous and hybrid. A third. Task C, cost estimates to 

conduct numerous siimilation/demonstration tests is included in Voliime III. 



II. COST APPROACH. METHODOLOGY AND BATIQNAUB 

2.1 Introduction 

In accordance with normal Phase A studjr practice, cost estimates of the 
Rendesvous and Docking components and subsystems were generated using cost 
estimating relationships (CERs), cost factors, vendor data, or point estimates. 
Such a technique provides credible and realistic costs with a confidence 
commensurate with the level of definition available In the study. 

The Initial step Is the calculation of component DDT££ and theoretical 
first unit (TFU) costs based on design data such as else and perfomance defini- 
tions. These were derived from CERs, vendor data or, for components which are 
not significantly parametric or for ^Ich detailed data Is not available, an 
engineering point estimate Is used. Each CER relates cost to a specific driving 
variable (generally weight or performance parameter) that exerts a major In- 
fluence on cost. These CERs are based, wherever possible, on our actual cost 
experience, historical cost data from other programs or current cost Information 
from subcontractors or vendors. 

These component DDT&E costs are ctnnblned with estimated costs for a 
prime contractor to perform the required Integration, analyses and software 
tasks to generate total DDT6£ costs at the subsystem level. The cost factor to 
derive the integration and analyses cost Is developed from our historical 
experience or other study data. 

2. 2 Ground Rules and Assumptions 

The general ground rules and assumptions used in this analysis are: 

- All costs are in 1975 dollars, without contractor fee. 

- Three years for subsystem development. 

- DDT££ costs Include the following cost elements: 

Design and Development 
Tooling 

One (1) development test unit 
One (1) qualification test unit 
Two (2) system level test units 
Testing 


II-l 





• So«Bt coa|ion 0 at« cost«d with t$77-78 tttchnolog^* 

- Video sensor end RF rader costs are baaed on nlniaal change to Shuttle 
Orblter hardware. 

- Coat to incorporate image data processing capability into the video sensor 
has not been scoped. 

2.3 Work Breakdown Struetura (WBSV 

A work breakdown structure (WBS) was generated early in the study to 
identify the major hardware and key elements Involved with the Space Tug Project. 
Hie WBS is a product-oriented display of both hardware and aupportii^ alementa 
that def ne the end product to be developed and serves as a common fraoMwork 
for structuring the cost estates. This preliminary WBS has been updated in 
light of the tndy results and a finalised version is presented in Fi^ire Il'l, 

2.4 WBS Identification Number Sequence 

Figure II- 2 lists the WB identification number sequence. This nwnbering 
sequence consists of eleven digits, which Identify the hardware WBS elenmnts to 
Level 7 (component). 

2.5 WBS Dictionary 

333 SPACE TUG PROJECT 

This element sunonarlzes the direct and Indirect (G&A and burden) effort 
to design, develop, test and evaluate the Space Tug vehicle. It includes all 
vehicle hardware, software, services, facilities, support equipment, training, 
data, etc. , directly and/or Indirectly associated with the Space Tug vehlc..e. 

333-01 PROJECT MANAGEMEOT 

This element sunsnarlses the management and technical support activities 
required to administer the overall Space Tug Project. It includes resources 
budgeting and performance analysis, configuration control of hardwre and soft- 
ware, control and maintain status of internal and deliverable project documenta- 
tion and data. 
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ISmiFlCAtlON NUMBER 

FTaUNT 

LEVEL 

. t XX 

XX 

XX 

XX 



3- 




Sp«ct Tug Project 

3 

01 




Projtet lUnagMNiit 

4 


01 



ProJ«et AdiU.niftnti<m & Control 

5 


02 



(tenflgurotlon Manogmont 

5 


03 



InfoiMtlon ManngMont 

5 

02 




SyttttBO &^lnoorlng ud Datogrntlon 

4 


or 



Sfftoaa Englnoorlng 

5 


02 



Shttttlo D&torfaeo 

5 


03 



Payload Intarfaea 

5 


04 



Rallablllty ai^ Quality Aaauranea 

5 

03 




Spaca Tug F^iela 

4 


01 



Strueturat 

5 



01 


Doekii^t Maehanlni 

6 




01 

Dqiact Typo 

7 




02 

Non- Impact Typa 

7 


02 



Avionlea 

5 



01 


Randaavoua and Docking 

6 




01 

Integration and Analyaaa 

7 




02 

Laaar Radar 

7 




03 

Vldao Santor 

7 




04 

RF Sanaor 

7 




05 

Ratro-Flaetor 

7 




06 

Software 

7 

04 




Ground Support Equlpnant 

4 


01 



Mamifreturlng 

5 


02 



Launc Site 6SE 

5 


03 



Flight Oparatlona Control 

5 

05 




Faollltlaa 

4 


01 



Manufacturing and Teat 

5 


02 



Launch Site 

5 

06 




Loglatlca 

4 


01 



Loglatlca Managanant 

5 


02 



Maintainability 

5 


03 



Training 

5 

07 




Oparatlona 

4 


01 



Launch Oparatlona 

5 


02 



Flight Oparatlona 
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FIGURE 11-2 UBS IDENTIFICATION NIMKR SEQUENCE 


333-01-01 PROJECT ACMINlSTRAIIOii AND COWritQL 


This tlttBint It thft InttgrtCtd pluming, tchtduling, budgtting, ttttut- 
ing, work tuthorlcttlon uid cott tccuaulttlon of til tttkt performed during tiie 
Space Tug Project. It include! project performance planning, preparation and 
aaintenuiee of project achedulet, budgeta, change control and retource statue 
r^ortt. Also included is continuous monitoring of all functional managuaent 
disciplines to provide central direction and control, timely resolution of 
problems and overall surveillance of project progress and goals. 

333-01-02 COKFIGDRATIOH MAMAfigMElfr 

This eleiuit it all effort to provide an efficient and effective con- 
figuration manageiMnt system which will define, control and account for the 
hardware and software configurations at any time thruighout the period of per- 
formance of the project. Included is identirisation of configuration and intar- 
face baselines, control of changes to those baselines, maintenance of a current 
accountability of the status of those baselines and a progressive verificati4>n 
that the '*as-built*' configuration agrees with the current configuration base- 
line or that differences are identified. 

333-01-03 IWFOIMAriOM MANAGEMEHT 

This element is the effort required to analyse project documentation re- 
quirements and develop, ioq>lement, maintain uid control a system for the prepara- 
tion, distribution and maintenance of all intemel and deliverable documentation 
for the Space Tug Project. This includes services to identify, monitor the 
preparation of, reproduce, distribute and maintain status of documentation, 
data and information. 

333-02 SYSTEMS ENGINEERIKG AND DriEGRATION 

This element summarises the Space Tug Systnas engineering task of 
directing and controlling a totally integrated engineering effort, inclining 
requirements analysis and integration, system definition, system test defini- 
tion, interfaces, safety, reliability, configuration management, quality 
engineering, and technology utilisation. 
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333-02»01 SYSTEMS EMGINEERIHG 


Hill «l«aant ineludtt th« effort to trentfom etatod roqulroMuti for 
■yttMi olMMiita into approprlato functional daaerlptlona. It alao Includaa 
ayatiBB daflnltiaatlon, overall ayate^ deaign, dealgn Integrity analyaia, tyatem 
optimisation, deaign of teat plana, coat/effectiveneaa analyaia, ueight and 
balance analyaia, intraayatem and interayatem cMq>atibility analyaia and inte- 
gration of technical and related logiatic fitnetiona and inter facea to optimise 
the total syattttt definition and design. 

333-02-02 SliUTTLE INTERFACE 

This eleiaent provides the engineering effort to define and maintain a 
standard Space '^g interface with the Shuttle, including analysis and ideutlfi- 
eation of ‘jpace Tug test and checkout operation? affecting that interface; 
analysis identification of Space Tug systems configuration changes affect- 
ing the interface; evaluation and coordination of recommended changes to the 
interface; and preparation, submittal, and maintenance of Interface Control 
Documents. 


333-02-03 PAYLOAD DTIERFACE 

This element includes all engineering effort associated with the Space 
Tug/Payload interface. Included is system analysis, design, test, and evaluation 
to ensure the efficient integration of the Space Tug to the various Payloads of 
the Mission Model, iBg>lementaticn and maintenance of a system to accomplish *■' s 
Space Tug/Payload integration, and preparation, submittal and maintenance of 
Intel face Control Docunwnts. 

333-02-04 RELIABimV AND QUALITY 

This element summarises technical reliability, quality, and safety tasks 
necessary to evaluate and assure quality achievement throughout the program. It 
includes the engineering and management efforts to ensure the Space Tug systm 
hardware eleswnts are designed to meet minimum reliability and quality require- 
ments. It also Includes the generation and maintenance of a Reliability Plan 
and a Quality Program Plan allocating requirements for subsystem design, caleulat- 
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Ing mission reliabilities using approved failure rates and reconaaendlng areas of 
inqprovement, and the conduct of Failure Modes and Effects Analysis and a Single 
Failure Point Summary in support of the safety analysis and for design ln9rove‘- 
ottnts. Other tasks Include custcmwr liaison, conduct of audits of the in~house 
«ad supplier reliability and quality activities, preparation of failure reports, 
failure analyses and corrective action, and establishment and enforcement of 
quality standards. 

333-03 SPACE TOG VEHIC1£ 

This element summarizes the Space Tug Vehicle subsystems and their 
assembly and checkout. Tasks for each subsystem include analysis, design, de- 
velopn^nt test, qualification test of con^onents and subsystems, tooling, pro- 
curement, hardware fabrication, quality control, and assembly and checkout 
efforts which satisfy applicable design requirements. Wherever hardware is 
purchased, this element covers the preparation of specifications, supplier 
liaison and direction. 

333-03-01 STRUCTURES 

This element summarizes all work associated with the structures element. 
Tasks include analysis, design, development, test, materials, manufacturing, 
quality control tests, qualification test of components and subsystems, and 
associated support. Additionally, this will include provision of test equip- 
ment and tooling for development, qualification and production. Wherever 
hardware is purchased, this element covers the preparation of specifications, 
supplier liaison and direction. 

333-03-01-01 DOCKING MECHANISM 

This element covers the structural/mechanical elements comprising the 
docking interface between the Tug basic structure and the spacecraft to be 
delivered/ sen'ices/retrieved. Tasks include analysis, design, development, test, 
materials, manufacturing, quality control tests, qualification test of components 
and subsystems and associated support. Additionally, this will Include provision 
of test equipment and tooling for development, qualification and production. 
Wherever hardware is purchased, this element covers the preparation of specifi- 
cations, supplier liaison and direction. 
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333-03-01-01-01 IMPACT TYPE 


the impact type docking mechanisms are those required for the design 
option where the Initial docking contact Is made with a planned in^t velocity 
In the region of O.i to 1.5 ft/sec. These mechanisms Include those required to 
soften docking shock loads, capture the target spacecraft, bring It to a hard 
docked position and secure It for return to Earth. 

333-03»01«01-02 NON-lMPAC l TYPE 

The non- Impact type docking mechanisms are those required for the 
design option where docking Is effected idiile the Tug Is caused to hover In the - 
Immediate vicinity Of the S/C docking port« Those mechanisms Involved Include 
devices required to reach out and grasp the target spacecraft, draw It back to,, 
a hard docked position, secure It In this position, and support It for its 
return to Earth. 

333-03-02 AVIONICS 

This element summarizes all work associated with the avionics elai^nt. 

Tasks include analysis, design, development, test, materials, manufacturing, 
quality control tests, qualification test of components and subsystems, and 
associated support. Additionally, this will Include provision of test equipment 
and tooling for development, qualification and production. Wherever hardware 
is purchased, this element covers the preparation of specifications, supplier 
liaison and direction. 


333-03-02-01 RENDEZVOUS AND DOCKING 

This element consists of hardware and software necessary to provide 
rendezvous and docking functions. Tasks Include analysis, design, development, 
test, materials, manufacturing, quality control tests, qualification test of 
components and su systems, and associated support. Additionally, this will In- 
clude provision of test equipment and tooling for development, qualification and 
production. Wherever hardware is purchased, this element covers the preparation 
of specifications, supplier liaison and direction. 
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333-03-02-01-01 IWrEGRAIION AND ANALYSES 


This element represents the non-separable effort required to provide 
the Integration and analyses of the rendezvous and docking elements. Typical 
tasks Include: preparation of overall subsystem specifications, schematics 

and Installation drawings; conduct subsystem design studies and analyses; the 
conduct of subsystem- level development and qualification tests. 

333-03-02-01-02 LASER RADAR 

This element Includes the laser radar sensor used to provide range, range 
rate and llne-of -sight data for computations to accomplish the rendezvous, in- 
spection and docking closure functions. Included Is the transmitter. Image 
receiver and associated optics and electronics. Detailed tasks In WBS 333-03-02-01 
will be Included here whenever the tasks are applicable. 

333-03-02-01-03 VIDEO SENSOR 

This element Includes the television camera (s), electronics and associ- 
ated optical devices to provide stereo imaging, \riiere applicable, for the de- 
termination of range, range rate and LOS data as well as visual observations 
during the rendezvous, inspection and docking phases. Metalled tasks in WBS 
333-03-02-01 will be included here whenever the tasks are applicable. 

333-03-02-01-04 RF SUBSYSTEM 

This element contains the RF radar transmitter/ receiver and associated 
electronics for determining target range, range rate and LOS data during 
rendezvous and docking phases. Detailed tasks in WBS 33-03-02-01 will be in- 
cluded here whenever the tasks are applicable. 

333-03-02-01-05 RETRO-FLECTOR 

This element contains the passive reflecting devices for the video, 
laser radar or RF radar sensors. These may be optical (mirror, corner reflector) 
or RF (reflector, frequency doubler, signal delay, phase shift) devices. De- 
tailed tasks in WBS 333-03-02-01 will be included here whenever the tasks are 
applicable. 
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333-03-02-01-06 SOFTWABE 


This element contains the flight software required to conduct the 
rendeavous and docking as well as that required to support any sensors that 
specifically need unique software computations In support of its operation. 

The software will be Incorporated into the Space Tug computer. Tasks include 
development, coding verification and validation of the software. 

333-04 GROUND SUPPORT EQUIPMENT 

This element sunmarizes all ground based equipment required In support 
of fabrication, launch, flight, recovery and maintenance phases of the Space 
Tug Project. Items Included are hardware, software peculiar to Space Tug ground 
operations for fabrication and laimch, site activation and maintenance. Hard- 
ware effort consists of design, fabrication, qualification, documentation and 
GSE spares. 


333-04-01 MANUFACTURING GSE 

This element is composed of all ground support equipment required to 
support the Space Tug manufacturing operations and checkout. Items Included 
are hardware, software, non-dellverable support equipment, maintenance and 
spares. Hardware effort cons^ts of design, fabrication, qualification and 
documentation. 


3 33-04-02 LAUNCH SITE GSE 

This element Includes all ground support equipment required to support 
launch, recovery and maintenance of Space Tug during operations. Items included 
are hardware, software and site activation of GSE. Hardware effort consists 
of design, fabrication, qualification and documentation. All common DDT&E 
costs will be charged to ETR since it will be the first activated and WTR only 
charged the development effort peculiar to WTR. 


333-04-03 FLIGHT OPERATIjNS COSTROL 


This eleioent covers ground support equipment in the flight operations 
control center required to support Space Tug mission operations. It^s included 
are hardware, software and site activation of GSE. Hardware effort consists of 
design, fabrication, qualification and documentation. 

333-05 FACILITIES 

This element covers facilities (new or modification to existing) for 
manufacture, test, maintenance, refurbishment, and launch of an operational 
Space Tug Vehicle. The basic shuttle launch and operations facilities are not 
included. However, those launch site facilities built specifically for Space 
Tug are costed. This effort includes facilities planning, acquisition or modi- 
fication, and maintenance. Amortisation of adequate existing facilities will 
not be included. 

333-05-01 MANUFACTURING AND TEST 

This element includes all new and modifications to existing facilities 
(government and contractor) which are required for the manufacture, test and 
checkout of subsystems and the complete Space Tug vehicle. It includes planning, 
A&E services, construction and activation of the facilities. 

333-05-02 LAUNCH SITE 

This element includes all new or modifications to existing ETR and WTR 
facilities required for launch, maintenance and refurbishment of the operational 
Space Tug vehicle. Maintenance and refurbishment facilities Include those 
necessary to accomplish on-slte maintenance and repair, modifications, factory 
repair and refurbishment, and vehicle storage. It Includes planning, A&£ 
services, construction and activation of the facilities. 

333-06 LOGISTICS 

This element summarizes the effort to develop and Implement an inte- 
grated logistics activity to support the Space Tug Vehicle. It includes main- 
tainability analysis, spares management, analysis of support requirements, in- 
ventory management, training requirements and equipment, technical manuals and 
transportation analyses and planning. 
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333-06-01 LOGISTICS MANAGEMENT 


This el«nwat consists of the timely and efficient loq»leiMntatlon and 
management of logistics Integration and analysis In support of the Space Tug 
vehicle. Tasks Include the Identification of equipment to be maintained; 
maintenance levels and locations; conducting analysis to determine requirements; 
development of appropriate logistics plans; development of requlr«nents for 
propellants and pressurants; determining methods of shipment, shipment schedul- 
ing and monitoring, and procurement procedures. 

333-06-02 MAINTAINABILITY 

This element Includes the developiMnt of maintainability design criteria 
and specifications, design analysis and evaluation, and Identification of design 
Improvements to facilitate maintenance and maintainability verification. In 
addition. It Includes the generation and maintenance of the Maintainability 
Plan, Identification of equipment to be maintained, maintenance levels and 
locations, and procedures for handling of maintenance equipment. 

333-06-03 TRAINING 

Ihis element summarizes all training services, training materials, 
training aids and training equipment required for fact't'^y^ technical, flight 
and ground crew training. It Includes Instructor services, development and 
maintenance of study guides, training manuals, and training aids for classroom 
and trainer Instruction. 


333-07 OPERATIONS 

This element refers to the operations and services required to perform 
mission planning, launching, and recovery in relation to completing a space 
mission. This element Includes: launch, flight and recovery operations; air- 

borne system assembly and checkout; associated activities directly related to 
the mission, such as SCF checkout with launch site and verification of home site 
conmunlcatlons requirements. The effort of providing the operational equlpiMnts 
Is excluded. However, flight simulation support Is Included. 
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333-07-01 LAUNCH OPERATIONS 


This element summarises all contractor effort and materials to conduct 
equipment receiving and checkout at the launch site, prelaunch asseoibly and 
checkout, transportation of equipment on the test range, logistics support for 
launch operations, launch support computer progruns, propellants, gases, pre/nost- 
f light data reduction and analysis, and the actual countdoen and launch operations. 

333-07-02 FLIGHT OPERATIONS 

This element refers to all contractor effort and material required to 
perform ground coomtand, control, tracking, and conmninlcatlons with the space 
vehlcle(s). This element includes, for example, mission planning, flight con- 
trol, telemetry, communications, data processing, data analysis and flight 
evaluation. Personnel for performing the flight operations functions during 
development and operational program phases will be costed In these elements, 
as well as their participation In tests and mission simulations. 

2.6 Cost Summary 

The DDT&E and first article cost estimates resulting from the cost 
analysis of the manual, autonomous and hybrid configurations are presented in 
this section. Summary costs for each configuration are: 


Manual 

Autonomous 

Hybrid 


Costs - In $K 

First Article 


DDT&E 
$10,500 
15,910 
17,200 


$1,480 

1,190 

1,400 


Summary fiscal funding requirements for the DDT&E phase of each configuration 
are: 


Costs - in $K 

FY77-78 FY79 FY80 FY81 FY82-83 

$1,700 $3,674 $4,292 $616 $218 

3,300 3,464 6,533 2,470 143 

3,000 3,915 7,361 2,706 218 


Manual 

Autonomous 

Hybrid 
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Thft total DDT££ (Including SRT) and first articla costa by oajor alwaant with a 
program schodulo for manual, autonomous and hybrid configurations are presented 
In Tables XI**1, Il**2, and II-3, respectively. These data Include an eatimate 
of Xhase B definition effort and simulation/ demonstration testing as well as the 
Phase C developmsnt and first article build costs estimated in subsequent sect- 
ions of this report. 
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Table II-l Manual Candidate Cost And Schedule 


Task 


Analyses & Studies ^ 

(TV Algorithm Development) ^ 
Mechanism Development 
Rendezvous Radar Development 
TV Development 
Software Development 
Sim/Dem Testing 

i 

Ground Operations, 

Training Development 

Hardware Procurement 
(1st Article) 

Mechanism 

Radar 


1 I 2 


3 I 4 


Year 


5 I 6 ! 7 


_ ATP PDR CDR 
Phase B~] A A A[ Phase C 
, ^ Concept Vei ificatiqn 


Cost 

8 I <$ Millions) 
Tug IOC 


3.55 


2.52 


•‘V 


3.80 

2.52 

L03 


L40 


Total 


$1L98M 



Table II-2 Autonomous Candidate Cost And Scheduie 


Task 


Year 

2 I 3 I 4 I 5 I 6 i 7 
ATP PDR COR 

Phase n A a| >^hase~r 

wConcept Verification 




Tug iOC 


Analyses & Studies 

Mechanism Development 

SLR Development 

Software Development 

Sim/Oem Testing 

Ground Operations, 
Training Development 

Hardware Procurement 
<lst Article) 

Mechanism 

SLR 


/ 1.5 

7 

t.T5 , 

3.55 

f 

'. 7.81 


f 


4 

f 

.55 ^ 

i 

r 1.0 

i 


i 

.4 


f 

.15 

t 

C 


Total 


$17.1M 
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Table II-3 Hybrid Candidate Cost And Schedule 


Task 


Analyses & Studies 

<TV Algorithm Development) 

Mechanism Development 

SLR Development 

TV Development 

Software Development 

Sim/Dem Testing 

Ground Operations, 
Training Development 

Hardware Procurement 
(1st Article) 

Mechanism 

SLR 

TV 


rPtiase B 






.5 




1.0 






1.0 



I 








III. COST ESTIMATBS BY WBS BIMim 

3.1 Co»t D«f Form-A(l) 

Non-recurring <DDT&E), te included for the following; 

- Tack A - Data Baae 

* Tack 3 - Manual Configuration 

- Tack B - AutomMcoua Configuration 

- Task B - Hybrid Configuration ' 

3.2 Cost Data Form-A(2^ 

Recurring (production), is included for the following: 

- Task A - Data Base 
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COST DATA FORM~AC1l 


STUDY TITLE Spact Tu g Docking Study 
CONTRACT NO.MAS8- 315» g 
CONFIGURATION Data Baaa 


IDENTIFICATION 

NUMBER 


33 03 01 01 01 


333 03 01 01 01 


333 03 01 01 02 


03 02 01 02 


3 03 02 01 02 


was 

IDENTIFICATION 


iiiS; 


NON-RECURRINQ (OOT&E) 


was 

LEVEL 


(Dollara In Thouaanda) 


aar Radar 


EXPECT. 

COST 

CONFID. 

RATING 

3.547 

2 


oate02^2ZjUL 

pageJUof^ 


SPREAD 

FUNCTION 


333 03 02 01 


333 03 02 01 


333 03 02 01 


RF Radar (NonHCoharent) (C 


RF Radar (Dual Moda 


RF Ra 


2.150 


7.300 








































iiiiiiiiiia^ JilliflilHiiilll 



















III-4 




ivr^r^-rnsi rvtAi f 9I£ Tr/x 


STUDY TITLE Space Tu^ T)ncktng Study 
CONTRACT NO. NAS8 -31542 

CONFIGURATION M anua l NON-RECURRING (DDT&E) 


IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

WBS 

LEVEL 

EXPECT. 

COST 

333 

Space Tug Project 

3 


333 03 

Space Tug Vehicle 

4 


333 03 01 

Structures 

5 


333 03 01 01 

Docking Mechanism 

6 

KRSR1 

333 03 01 01 01 

Impact Type 

7 

3.547 

333 03 02 

Avionics 

5 


333 03 02 01 

Rendezvous and Docking 

6 


333 03 02 01 01 

Integration and Analvsis 

7 

293 

333 03 02 01 03 

Video Sensor 

7 

965 

333 03 02 01 04 

RF Radar 

7 

2.301 

333 03 02 01 06 

Software 

7 

430 

333 04 

Ground Support Equipment 

4 

395 

333 06 

Logistics 

4 

136 

KIHiflHHHHHIl 

Operations 

4 

136 










































COST DATA FORM-^A(l) 


(Dollars In Thousands) 


DATE 12/5/75 
PAGE 1 OF 1 



CONFID. 

RATING 

Td 


spread 

FUNCTION 






■ 



, 







■ 






2 

23 

58 

50/60 






■ 






3 

IIVMIII 

58 



2 

18 

58 

50/50 


2 

18 

58 

50/50 


2 

36 

58 

50/40 


2 

36 

58 



2 

36 

58 

50/40 


2 

36 

58 













































































































Ill- 




COST DATA FORM-A(l) 


Ln 


STUDY TITLE ^ace Tug Docking Study 

CONTRACT ^ NAS8- 31542 
CONFIGUh •" I ON AiiLnnnmfi iis 


NON-RECURRING (DDT&E) j x 

(Dollars In Thousands) 


DATE 12/5/75 
PAGE , 1 OF 1 


IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

WBS 

level 

EXPECT. 

COST 

CON FID. 
RATING 

fd 

Ts 

SPREAD 

FUNCTION 

333 

Space Tug Project 

3 






333 03 

Space Tug Vehicle 

4 

(12.062) 





333 03 01 

Structures 

5 






333 03 01 01 

Docking Mechanism 

6 

(3.547) 





333 03 01 01 01 

Impact Type 

7 

3.547 

2 

23 

58 

50/60 

333 03 02 

Avionics 

5 






333 03 02 01 

Rende 2 n^ous and Docking 

6 

f8.360) 





333 03 02 01 01 

Integration and Analysis 

7 

662 

3 

36 

58 

50/60 

333 03 02 01 02 

Laser Radar 

7 

7.045 

2 

36 

58 

50/60 

333 03 02 01 05 

Retro -Flee tor 

7 

104 

2 

36 

58 

50/60 

333 03 02 01 06 

Software 

7 

549 

2 

36 

58 

50/40 

333 04 

Ground Support Eouipment 

4 

11 

2 

36 

58 

50/50 

333 07 

Operations 

4 

144 

2 

36 

58 

50/40 
















































































* 

1 












Ill -6 




^ 


/vT>a/?7"//v tvfj\f9i£irrj^ 


STUDY TITLE .Space Tu&. Docking Study 
CONTRACT NO. NASS- 3154 2 
CONFIGURATION Hyhr^ A 


IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

333 

Space Tug Project 

333 03 

Space Tug Vehicle 

333 03 01 

Structures 

333 03 01 01 

Docking Mechanism 

333 03 01 01 01 

Inpact Type 

333 03 02 

Avionics 

_ 333 03 02 01 

Rendezvous and Docklne 


Inteeration and Analvses 


Laser Radar 

333 03 02 01 03 

Video Sensor 

333 03 02 01 05 

Retro-Flector 

333 03 0? 01 Oft 

Software 

333 04 

Ground Support Equipment 

333 06 

Logistics 

333 07 

Operations 




















COST DATA FORM-A{1) 




a 


NON-RECURRING (DDT&E) 


(Dollars In Thousand8> 


DATE 12/5/75 
page_Aqf_1 



WBS 

LEVEL 

EXPECT. 

COST 

CONFID. 

RATING 

■■ 


SPREAD 

FUNCTION 


3 







4 



■ 




5 







6 

wmm 






7 

KlfflHi 

2 

23 

58 

50/60 


5 







6 

RSHHI 






- 7 

738 

3 

36 

3B 



„ 7 

7.045 

2 

36 

wmm 

IIIB9Sj!lllllllil 


- - 7 

965 

2 

18 

58 

SSB 


_ 7 

104 

2 

36 

58 



7 

616 

2 

mm 

58 

lilRflRRIIIimii 


4 

395 

2 

36 

58 

50/50 


4 

136 

2 

36 

58 

50/40 


4 

136 

2 

36 

58 

50/40 























L 































' 


























































Ill- 




COST DATA F0RM-A(2) | 


STUDY TITLE Space Tug Docking Study 
CONTRACT NO. NAS8-31542 


CONFIGURATION Data Bas e 


RECURRING (PRODUCTION) 


DATE: 12/5/75 
PAGEJL-OF Z... 


IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 


expected 

COST 

REF. 

UNIT 



REF. 

UNIT 

COST 

CONFIG. 

RATING 

Td 

Ts 

SPREAD 

FUNCTION 

LEARN 

INDEX 

TTT flT m 01 01 

Tmnnr't' Tvnp 

C) 7 




1 

602 

2 

28 




pjj UJ vx jJX — u-*- ,1 













333 03 01 01 01 

Impact Type (MM£ 

E) 7 




1 

761 

2 

12 

















333 03 01 01 02 

Non- Impact Type 

7 




1 

802 

1 

30 















— 


333 03 02 01 02 

Laser Radar (Gai 

is) 7 




1 

583 

2 

24 

















333 03 02 01 02 

Laser Radar (CO^ 

)(NC) 7 




1 

1,258 

2 

30 





.-■I. 4 












333 03 02 01 02 

Laser Radar (C0-; 

)(C) 7 




1 

1.167 

2 

30 

















333 03 02 01 03 

Video Sensor 

7 




1 

204 

2 

24 

















333 03 02 01 04 

RF Radar 













Non-Coherent INC) 

7 




1 

670 

2 

24 

















333 03 02 01 04 

RF Radar 













Non-Coherent (C) 

7 




1 

622 

2 

24 











































BHHHI 

































III-8 








































IV. 


TECHHICAL CHARACTERISTICS DATA 


The technical data for c<»Rponents cooprlaing the Taak A data base la 
presented on Technical Characteristics Data Form B. The llsta Include major 
siring and performance characteristics which define the selected components. 


IV- 1 


IV- 2 


MAftlETTA 







IV- 3 


Mj^g^iETrr-jBk 


TECHNICAL CHARACTER ISTiCS DATA FORM B | 


STUDY TITLE LST- 


CONTRACT NO. NAS8 31312 
CONFIGURATION 


DATE. 


PAGE 


WBS 

IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

QUANTITY 
OR VALUE 

UNITS OF 
MEASURE 

CHARACTERISTICS 

NOTES 


CO 2 Laser Radar 



(Non-Cooperative) 




22.6 (50) 

Kg (lb) 

Weight 




200 

Watts 

Power 



CO 2 Laser Radar 



(Cooperative) 




18 (40) 

Kg (lb) 

Weight 




100 

Watts 

Power 


333 03 02 01 02 

Video Sensor 




- 


TV Camera and 






Electronics 







9 (20) 

Kg (lb) 

Weight 




12 

Watts 

Power 


333 03 02 01 03 

RF Radar 






Non-Coherent 






Pulse Doppler 



Non-Cooperative 




34 (75) 

Kg (lb) 

Weight 




275 

Watts 

Power 



Non-Coherent 



Same as above only 



Pulse Doppler 



cooperative. 




31.7 (70) 

Kg (lb) 

Weight 




120 

Watts 

Power 

• 








IV-4 


MA^rr-riisi ttxi 


STUDY TITLE LST^ 

CONTRACT NO. NAS8 31312 
CONFIGURATION 


WBS 

IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

QUANTITY 
OR VALUE 

UNITS OF 
MEASURE 

333 03 02 01 03 

RF Radar (cont) 




Dual Mode Pulse 




Doppler 





36.3 (80) 

Kg (lb) 



275 

Watts 


Dual Mode Pulse 




Doppler 





34 (75) 

Kg (lb) 



120 

Watts 

333 03 02 01 04 

Retro -Flee tor 




Laser Reflector 




(2) required 





6.35 (2.5) 

cm (in) 



.23 (.5) 

Kg (lb) 


RF Radar Antenna 




(4) Required 





5 X 5 X 1,27 

cm 



(2 X 2 X .5) 

(inches) 



.17 (.375) 

Kg (lb) 


TECHNICAL CHARACTERISTICS DATA FORM B 


DATE 

PAGE ^OF 


CHARACTERISTICS 


Radar above combined 
with x-band, coherent 
pulse doppler short 
range radar non- 
cooperative. 

Weight 

Power 

Same as above only 
cooperative rendezvous 
radar. 

Weight 

Power 

Laser Optical 

Corner reflector-solid 
glass (35C-2) 

Diameter 

jWeight 

RF printed microstrip 
reflecting antenna 



Size 

Weight 











IV -5 


MJCkFty/isi 


TECHNICAL CHARACTERISTICS DATA FORM! B 


STUDY TITLE LST- 

CONTRACT NO. NAS8 31312 
CONFIGURATION 


PATE 

PAGE ^OF 


WBS 

IDENTIFICATION 

NUMBER 

WBS 

IDENTIFICATION 

QUANTITY 
OR VALUE 

UNITS OF 
MEASURE 

CHARACTERISTICS 

NOTES 



RF Radar Cooperativ( 
Ranging Antenna 

.24 X .24 X 

(.8 X .8 X .8 

.9 (2) 

4 m 
(ft) 

Kg (lb) 

Trihedral, triangular 
corner reflector. 

Size 

Weight 














TOTAL PRDGimM FUNDIMG SCHEDULES 


Vj, 


Fiical ymt funding eatlnataa for «ach of tha Taak B conflguratlona ara 
praaanted In Funding Sehadula Data Form C, Lotrar laval WBS alamanta vara tim* 
phaaad by fiscal yaar using tha appropriata spraad function salactad frwB Figura 
8 of JASA DRD MF003M and sunmad to tha hi^ar laval. 


V-1 


FUNDING SCHgPnig DATA FOBM C 


STUDY TITLE: Space Tug Docking Study 

CONTRACT NO.: NAS8 -31542 

CONFIGURATION: Manual 

Non- Recurring (DDT££) 

Date: 12/5/75 

Page 1 of 3 


(Dollars in Thousands) 


PROJECT WBS irCMS 

FY 79 

FY 80 

FY 81 

FY 82 

333 03 01 

1.694 

1,853 



333 03 02 

1,719 

1,994 

264 

12 

333 04 

41 

217 

135 

2 

333 06 

10 

64 

59 

3 

333 07 

10 

64 

59 

3 

Total - DDT&E 

3.474 

4,192 

517 

20 


FUNDING SCHEDULE DATA FORM C 


STUDY TITLE: Space Tug Docking Study 

CONTRACT NO. : NAS8-31542 

CONFIGURATION: Autononoue 


Noii'Recurrlng (DDT6£) 
Date: 12/5/75 

Page 2 of 3 

PROJECT WBS HEMS 
333 03 01 
333 03 02 
333 04 
333 07 


(Dollars In Thousands) 


FY 79 

FY 80 

FY 81 

1,694 

1,853 


1,508 

4,507 

2,303 

1 

6 

4 

11 

67 

63 

3,214 

6,433 

2.370 


FY 82 PY. 
42 
3 


TOTAL - DDT&E 


45 



V-4 


STUDY TITLE: Space Tug Docking Study 


CONTRACT NO, : NASS -3154 ? 

CONFICURATIOK: Hybrid 

Non-Recurring (DDT&E) 

Date: 12/5/75 

Page 3 of 3 

TROJECT WBS ITEMS ^J1 

333 03 01 1.694 

333 03 02 2,010 

333 04 41 

333 06 10 

333 07 10 

TOTAL DOT&E 3,765 


FORM C 


(Dollars in Thousands) 


FY 80 

FY 31 

FY 82 

1,853 



5,063 

2,352 

43 

217 

135 

2 

64 

59 

3 

64 

59 

3 


FY n 


7,261 


2,605 


51 


